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SELECTIVE PYRONE HERBICIDES 

This Invention relates to organic compounds having herbicidal 
properties and plant growth regulating properties, to processes for the 
preparation of such compounds; to intermediates useful in the 
preparation of such compounds; to herbicidal compositions and processes 
utilizing such compounds and to plant growth regulating compositions and 
processes utilising such compounds* 
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The use of certain cyclohexane-1 ,3-dione derivatives as grass 
herbicides is known In the art. Thus, for example, the compendium 
"Agricultural Chemicals - Book II Herbicides 1986-87 Revision" (W.T. 
Thomson Editor, Thomson Publications, California U.S.A.) describes the 

5 

cyclohexane-1 ,3-dione derivatives known commercially as Alloxydlm Sodium 

(methyl-3-[l-(allyloxylmlno)butylJ-4-hydroxy-6,6-dimethyl-2-oxocyclohex- 
3reneicarboxylate), Cloproxydim ((B,E)-2 [l-(l-[(3-chloro-2- 

10D P BO P M 3« f 0 ** 1 i^no ]»o«yl 1-5-12 -(ethylthlo )propyl J -3-hydroxy-2 -cylohexen- 
1-i-one) and Sethoxydim (2-[l-(ethoxyimino)butyl)-5-U-ethylthiolpr©pyl-3- 
hydroxy-2-cyclohexen-l-one) as selective post-emergent herbicides. 
Alloxydlm and Sethoxydim have been disclosed in Australian Patent 

153 No. 464 655 and Australian Patent Application No. 35,314/78 
respectively. 

Pyrones of the general formula (I) have been claimed to show 
herbicidal activity (Japan Kokai 76 63175 (Chemical Abstracts . 
20 86:72439y». 




(1) 
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We have discovered that compounds similar to the general formula I 
but which bear substltuents at the 5-position other than hydrogen and 
substltuents at the 6-position other than hydrogen or geminal dimethyl 
exhibit particularly useful herblcidal activity and plant growth 

5 * 

regulating activity. In either pre-emergent (soil treatment) or post- 
emergent (foliar) application the compounds of the invention are 
superior to the prior art compound in their selectivity for weed grasses 
insgraminaceous crops. 

10; 

Atcordlrtgty, the invention provides a compound of the general 
formula (2) 



15 




wherein 

R 1 is selected from the group consisting of: hydrogen; alkyl; 
alkenyl; alkynyl; substituted alkyl wherein the alkyl group is 
substituted with a substltuent selected from the group consisting of 
alkoxy, alkylthlo, optionally substituted phenyl, optionally substituted 
heterocycle; optionally substituted phenyl; optionally substitued 
heterocycle; alkyl sulfonyl; optionally substituted benzene sulfonyl; an 
acyl group; and an inorganic or organic cation; 



R? is selected from the group consisting of: alkyl; alkenyl; 
haloalkenyl; alkynyl; haloalkynyl; substituted alkyl wherein the alkyl 
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group is substituted with a substituent selected from the group 
consisting of halogen, alkoxy, alkylthio, optionally substituted phenyl, 
and optionally substituted heterocycle; optionally substituted phenyl; 
and optionally substituted heterocycle; 

Br is selected from the group consisting of: alkyl; fluoroalkyl; 
alkenyl; alkynyl; and optionally substituted phenyl; 

v£* ±& selected from the group consisting of: alkyl other than 

10 

methyl!; alkenyl; alkynyl; haloalkyl; cycloalkyl: cycloalkenyl ; 
substituted alkyl or substituted cycloalkyl wherein the alkyl or 
cycloalkyl group is substituted heterocyclo; oxo; acyl; alkoxy; 
15 alkylthio; alkoxycarbonyl; (alkoxyimino) alkyl; ketal; and carboxylic 
acid. 

R 5 is selected from the group consisting of: alkyl; alkenyl; 
20 alkynyl; haloalkyl; haloalkenyl; cycloalkyl; cycloalkenyl; substituted 
alkyl or substituted cycloalkyl wherein the alkyl or cycloalkyl group is 
substituted with a substituted selected from the group consisting of 
alkoxy, alkylthio, oxo, acyl, alkoxycarbonyl, (alkoxyimino )alkyl , ketal, 

25 

carboxylic acid, optionally substituted phenyl, and optionally 
substituted heterocycle; optionally substituted phenyl; and optionally 
substituted here recycle; 

30 

OR 

4 5 

R and R together with the carbon to which they are attached form 
a substituted or unsubstituted saturated or partially saturated 
heterocyclic or carbocyclic ring containing 3 or more ring atoms. The 
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ring may be bridged or fused and the ring substituents are selected from 
the group consisting of hydrogen; alkyl; alkenyl; alkynyl; substituted 
alkyl herein the alkyl group Is substituted with a substituent selected 
from the group consisting of alkoxy, alkyl thio, optionally substituted 
5 phenyl, and optionally substituted heterocycle; optionally substituted 
phenyl; and optionally substituted heterocycle; oxo; acyl; alkoxy; 
alkyl thio; alkoxycarbonyl ; (alkoxylmino) alkyl; ketal; and carboxylic 
acid. 

10 

R 6 is selected from the group consisting of : alkyl, alkoxy, 
alkyl thio, halogen or substituted alkyl wherein the alkyl group is 
15 substituted with a substituent selected from the group consisting of 
alkoxy, alkyl thio or halogen. 

A preferred group of compounds of general formula (2) consists of 
20 spirocyclic derivatives of the general formula (3), (4) and (5). For 
these novel derivatives, R 1 , F? and R 3 are as specified above. For the 
spirocyclic derivatives (3) and (4) the non-lactone ring may be 
saturated or partially unsaturated and R 7 R® and a? are selected 

25 

from the group consisting of: hydrogen; halo? alkyl; alkenyl; alkynyl; 
substituted alkyl wherein the alkyl group is substituted with a 
substituent selected from the group consisting of halo, alkoxy, 
30 alkylthio, optionally substituted phenyl, and optionally substituted 
heterocycle; optionally substituted phenyl; and optionally substituted 
heterocycle; oxo; acyl; alkoxy; alkylthio; alkoxycarbonyl; alkoxylmino) 
alkyl; ketal; and carboxylic acid. R 6 is selected from the group 
consisting of: alkyl, alkoxy, alkylthio, halogen or substituted alkyl 
wherein the alkyl group is substituted with a substituent selected from 
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the group consisting of alkoxy, alkylthio or halogen. 



5 



10 




For the novel derivatives (5), the polyatomic ring containing X and 
Y is a substituted saturated or partially saturated heterocyclic ring 
containing 5,6 or 7 ring atoms* The heterocyclic ring say contain one 
20 or more heteroatoms selected from the group consisting of oxygen, 

nitrogen and sulfur, and the ring substltuents are selected from the 
group) consisting of: hydrogen; alkyl; alkenyl; oxo; acyl; alkoxy; 
alkylthio; ketal; alkoxycarbonyl; (alkoxylmino) alkyl; 

253 

substituted alkyl whe rein the alkyl group consisting of alkoxy, 
alkythlo, optionally substituted phenyl, and optionally substituted 
heterocycle; optionally substituted phenyl; and optionally substituted 
hetecocycie. R* is selected from the group consisting of alkyl, alkoxy, 

30* 

alkylthio, halogen or substituted alkyl wherein the alkyl group is 
substituted with a substltuent selected from the group consisting of 
alkaxxv alkylthio or halogen 

in all of the above alkyl, alkenyl and alkynyl include straight- 
chain and branched -chain structures. 
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In all of the above heterocycle means a mono- or poly-cyclic 
heterocyclic ring structure that contains one or more heteroatoms and 
may or may not be aromatic • Suitable heteroatoms are nitrogen, oxygen, 
sulphur. The heterocyclic ring preferably has more than three atoms in 
5 " the ring. Some examples of suitable heterocycle groups are thiophenyl, 
benzofuranyl, furanyl, morpholino, and pyridyl. 

Preferably in all of the above alkyl, alkenyl, alkynyl means lower 
alkyl, alkenyl or alkynyl. More preferably alkyl, alkoxy, alkyl thio, 

10 'j 

halbalkyl'.,, alkyl sulphonyl or substituted alkyl groups contain 1 to 6 
carbon atoms and alkenyl, alkynyl, haloalkenyl, or haloalkynyl groups 
contain 2 to 6 carbon atoms* 
ls It should be recognized that when R* is hydrogen the compounds (2) 

of the invention may undergo tautomerlsm and exist in any one of five 
forms as shown below* 




All tautomeric forms are included in the scope of this invention. 
Particularly preferred choices for R* Include hydrogen and the 



WO 89/10922 



PCT/AU89/00191 



-8- 

alkall metal cations. 

Preferred choices for B? include alkyl , alkynyl , alkenyl and 
haloalkeayl. 

Particularly preferred choices for B? include ethyl, propargyl, 
allyl and 2- and 3-chloroallyl. 

Particularly preferred choices for R 3 include ethyl and n-propyl. 

lo; ; 

Particularly preferred choices for R 6 , R 7 , R 8 , R*and 
sobstitutents of the polyatomic chain X? include H and methyl. 
Particularly preferred choices for R 6 Include methyl and ethyl." 

15 Where isomers may exist useful compositions may consist of the 

isomers separately or in mixtures in any possible ratio. 

Certain of the compounds of formula (2) exhibit useful plant growth 
regulating activity. For example, while certain compounds of formula 

20 (2) show selective herblcldal activity against wild grasses in crops of 
cultivated plants, at some rates of application they exhibit plant 
growth regulating effects in said crops. Certain of the compounds of 
Formula (2) may be used for selective control of wild grass in 

25 

graminaceous crops. 

Plant growth regulating effects may be manifested in a number of 
ways. For example, suppression of apical dominance, stimulation of 
auxiliary bud growth, stimulation of early flowering and seed formation, 
enhancement of flowering and increase in seed yield, stem thickening, 
stem shortening and tillering* Plant growth regulating effects shown by 
compounds of the invention include, for example, tillering and stem 
shortening in crops such as wheat and barley. 

Accordingly in yet a still further aspect the invention provides a 
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process for reguLattng the growth of a plant which process comprises 
applying to the plant, to the seed of the plant, or to the growth medium 
of the plant, an effective amount of a compound of formula (2), as 
hereinbefore defined. 
5 To effect the plant growth regulating process of the present 

invention the compounds of formula (2) may be applied directly to the 
plant (post-emergence application) or to the seed or soil before the 
emergence of the plant (pre-emergence) application. 

in: 

The compounds of the . invention are substantially more effective 

against monocotyledenous plants or grass species than against 

dicotyledenous plants or broad-leaved species. 
15 In either pre-emergent (soil treatment) or post-emergent (foliar) 

application the compounds of the invention are superior to the prior art 

compounds in their selectivity for weed grasses in graminaceous crops. 

As demonstrated by the examples given at the end of this description, 
20 application of the quantity of compound necessary to kill or severely 

damage weed grasses such barnyard grass or giant foxtail does not injure 

rice or sorghum. 

The compounds of formula (2) may be used on their own to inhibit 

25 

the growth of, severely damage, or kill plants but are preferably used 
in the form of a composition comprising a compound of the invention in 
admixture with an inert carrier comprising a solid or liquid diluent. 

Therefore, in yet a further aspect the invention provides plant 
growth inhibiting, plant damaging, or plant killing compositions 
comprising a compound of formula (2) as hereinbefore defined and an 
inert carrier therefor. 

The compositions of the invention may comprise, in addition to one 
or more compounds of the invention, one or more compounds not of the 
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invention but which possess biological activity* For example, as herein 
before indicated the compounds of the invention are in general 
substantially more effective against monocotyledonotts plants or grass 
species than against dicotyledonous plants or broad-leaved species. As 

5 - 

a result, in certain applications the herbicidal use of the compounds of 
the invention alone may not be sufficient ot protect a crop. 

Accordingly in yet a still further embodiment the invention 
^ pr**ide^aiherbifci^ comprising a mixture of at least one 

bectfLcidal* compound- of 7 Formula (2) as hereinbefore defined with at least 
one other herbicide. 

The compounds of formula (2) may be used on their own to regulate 
15 growth of plants but in general are preferably used in the form of a 

composition comprising a compound of the invention in admixture with a 
carrier comprising a solid or liquid diluent. 

Therefore, in a still further aspect the invention provides plant 
20 growth regulating compositions comprising a compound of Formula (2) as 
hereinbefore defined and an inert carrier therefor. 

The compositions of the present invention may be in the form of 
solids, liquids or pastes. The compositions include both dilute 

25 

compositions* which are ready for immediate use and concentrated 
compositions; which may require dilution before use. Therefore, the 
concentration of the active ingredient in the compositions of the 
3Q present invention will vary depending on the type of formulation and 
whether the composition is ready for use such as, for example, a dust 
formulation or an aqueous emulsion or whether the composition is a 
concentrate such, as,, for example, an emulsifiable concentrate or a 
wettable powder:,, which is suitable for dilution before use. The present 
invention includes both types of composition, accordingly the 
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compositions to the present invention comprise from ippm to 99% by 
weight of active ingredient. 

The solid compositions may be in the form of powders, dusts, 
pellets, grains and granules wherein the active ingredient is mixed with 
a solid diluent. Powders and dusts may be prepared by mixing or 
grinding the active ingredient with a solid carrier to give a finely 
divided composition. Granules, grains and pellets may be prepared by 
bonding the active ingredient to a solid carrier, for example, by 
coating: or impregnating the preformed granular solid carrier with the 
active ingredient or by agglomeration techniques. 

Examples of solid carriers include: mineral earths and clays such 
15 as, for example, kaolin, bentonite, kieselguhr, Fuller's earth, 

Attaclay, diatomaceous earth, talc, chalk, dolomite, limestone, lime, 
calcium carbonate, powdered magnesia, magnesium oxide, magnesium 
sulfate, gypsum, calcium sulfate, pyrophyllite, silicic acid, silicates 

20 

and silica gels; fertilizers such as, for example, ammonium sulfate, 
ammonium phosphate, ammonium nitrate and urea; natural products of 
vegetable origin such as, for example, grain meals and flours, bark 
meals.,, wood meals, nutshell meals and cellulosic powders; and synthetic 

25 

polymeric materials such as, for example, ground or powdered plastics 
and resins. 

Alternatively, the solid compositions may be in the form of 
w dispersible or wettable dusts, powders, granules or grains wherein the 
active ingredient and the solid carrier are combined with one or more 
surface active agents which act as wetting, emulsifying and/or 
dispersing agents to facilitate the dispersion of the active ingredient 
in liquid. 

Examples of surface active agents include those of the cationic, 
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anionlc and non-ionic type. Gationic surface active agents include 
quaternary ammonium compounds, for example, the long chain alkylammonium 
salts such as cetyltrimethylammonium bromide. Anionic surface active 
agents include: soaps or the alkali metal, alkaline earth metal and 
5 ammonium salts of fatty acids; the alkali metal, alkaline earth metal 
and ammonium salts of llgninsulfonic acid; the alkali metal, alkaline 
earth metal and ammonium salts of arylsulfonic acids including the salts 
of naphthalenesulfonic acids such as butylnaphthalenesulfonic acid, the 

1DD 

dt- and tri- isopropylnaphthalenesulfonic acids, the salts of the 
condensation products of sulfonated naphthalene and naphthalene 
derivatives with formaldehyde, the salts of the condensation products of 

15 sulfonated naphthalene and naphthalene derivatives with phenol and 

formaldehyde, and the salts of alkylarylbenzenesulfonic acids such as 
dodecylbenzenesulfonic acid; the alkali metal, alkaline earth metal and 
ammonium salts of the long chain mono esters of sulfuric acid or 

20 alkylsulfates such as laurylsulfate and the mono esters of sulfuric acid 
with fatty alcohol glycol ethers. Nonionic surface active agents 
include: the condensation products of ethylene oxide with fatty 
alcohols such as oleyl alcohol and cetyl alcohol; the condensation 

25 

products of ethylene oxide with phenols and alkylphenols such as 
isooctylphenol, octylphenol and nonylphenol; the condensation products 
of ethylene oxide with castor oil; the partial esters derived from long 
chain fatty acids and hexitol anhydrides, for example sorbltan 

30 

monolaurate, and their condensation products with ethylene oxide; 
ethylene oxide/ propylene oxide block copolymers; lauryl alcohol 
polyglycol ether acetal; and the lecithins. 

The liquid compositions may comprise a solution or dispersion of 
the active ingredient in a liquid carrier optionally containing one or 
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more surface active agents which act as wetting, emulsifying and/or 
dispersing agents. Examples of liquid carriers include: water; mineral 
oil fractions such as, for example, kerosene, solvent naphtha, 
petroleum, coal tar oils and aromatic hydrocarbons such as, for example, 
5 ~ paraffin, cyclohexane, toluene, the xylenes, tetrahydro naphthalene and 
alkylated naphthalenes; alcohols such as, for example, methanol, 
ethanol , propanol , isopropanol , butanol , cyclohexanol and propylene 
giyco££ ketones such as, for example, cyclohexanone and isophorone; and 

10"; 

strongly polar organic solvents such as, for example, N,N- 
dimethylformamide, dimethylsulf oxide , Nj-methylpyrrolidone and sulfolane. 
A preferred liquid composition comprises an aqueous suspension, 

15 dispersion or emulsion of the active ingredient which is suitable for 
application by spraying, atomizing or watering. Such aqueous 
compositions are generally prepared by mixing concentrated compositions 
with water. Suitable concentrated compositions include emulsion 

20 concentrates, pastes, oil dispersions, aqueous suspensions and wettable 
powders. The concentrates are usually required to withstand storage for 
prolonged periods and after such storage to be capable of dilution with 
water to form aqueous preparations which remain homogeneous for a 

25: 

sufficient time to enable them to be applied by conventional spray 
equipment. The concentrates conveniently contain from 20 to 99%, 
preferably 20 to 60%, by weight of active ingredient. 



Emulsion or emulsifiable concentrates are conveniently prepared by 
dissolving the active ingredient in an organic solvent containing one or 
more: surface active agents used in the formulation and the salts 
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generated in situ by the use of the appropriate organic or inorganic 
base. 

The node of application of the compositions of the invention will 
depend to a large extent on the type of composition used and the 
3 facilities available for its application,. Solid compositions may be 
applied by dusting or any other suitable means for broadcasting or 
spreading the solid. Liquid compositions may be applied by spraying, 
atomizing** watering, introduction into the irrigation water, or any 

100 

other suitable means for broadcasting or spreading the liquid. 

The rate of application of the compounds of the invention will 
depend on a number of factors including, for example, the compound 

15 chosen for use, the identity of the plants whose growth is to be 

inhibited, the formulations selected for use and whether the compound is 
to be applied for foliage or root uptake. As a general guide, however, 
an application rate of from 0.005 to 20 kilograms per hectare is 

20 suitable while from 0.01 to 5.0 kilograms per hectare may be preferred. 

The compounds of this invention are prepared from the dianion of a 
substituted acetoacetate by ester condensation with an appropriate 
ketone (cf. Huckin S.N. , and Weiler, L. , Can. J. Chem. , 1974, 52 , 2157) 

25 

followed by hydrolysis and cyclization to 5-substituted 4-hydroxy-5,6- 
dihydro-2H-pyran-2-ones (Scheme 1 below). The hydroxypyranones can also 
be obtained by customary methods described in the literature. The 6,6- 
^ disubstituted pyran-2-ones thus obtained are acylated at the 3-position, 
by a Fries rearrangement reaction, and the acylated derivatives reacted 
with alkoxyamines to afford derivatives of the general formula (2). 

Esterification of a vinylogous carboxylic acid in (2), (3), (4) or 
(5) provides further herbicidal and growth regulating derivatives. 
Neutralization of the vinylogous carboxylic acid in (2), (3), (4) or 5 
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provides further herblcldal and growth regulating derivatives where in 
R l is an inorganic or ad organic cation. 



8° 



(1) HjO 

(2) H* 



R 6 CH 2 COCHjCOjR 




(1) NaOH 

(2) n-BuLi 



[R*CHCOCHC0 2 R]Li*Na* 



(l)Bsterification 
(2}Rearrangeoent 





20 



General Procedure for Preparation of Examples of Compounds of the 
Invention 



25 



(a) Synthesis of the Pvran-2 ,4-dlones 
Method A 



To a stirred solution of the sodium salt of (the substituted) 
methyl or ethyl acetoacetate ( ca. 55 mmol , either preformed or made in 
30 8itl1 fron substituted) methyl or ethyl acetoacetate (55 tanol) and 

sodium hydride (55 mmol) according to the method of Huckin, S.N., and 
Weiler, L. , Can. J. Chem. , 1974 52 , 2 1 57] in dry tetrahydrofuran (50 ml) 
under nitrogen and cooled to 0°C, was added dropwise a solution of n- 
butyllithium (21.2 ml, 2.6M in hexane, 55 mmol). After 1 h the mixture 
was treated with an appropriate ketone (50 mmol) (solid ketones were 
dissolved in tetrahydrofuran prior to addition) and left stirring at 0°C 
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for 120 min before being quenched with methanol (2. A ml, 60 mmol). 
After addition of further methanol (20 ml) and water (10 ml) [and in 
certain instances acid; e.g. acetic acid (3.2 ml, 56 mmol) was added] 
the mixture was boiled for ca. 30 min then diluted further with water 

5 

(40 ml) and concentrated (to ca. AO ml) at reduced pressure. Upon 
cooling and addition of water (ca. 150 ml) the mixture was extracted 
with ether (2 x 100 ml). The ether extracts were washed with water (50 

m a*) and the combined aqueous phases were acidified to pH 1-2 with cone, 
hydrochloric acid and extracted with ether (100 ml). (At this 'stage of 
some reactions a first crop of the pyrandione crystallized from the 
ether solution and was recovered by filtration). The ether solution was 

15 then evaporated and residual water removed from the product mixture by 
azeotropic distillation with ethanol/benzene and then with benzene. The 
residue was either chromatographed (SIC^, dichloromethane) or, in some 
instances, crystallization of the pyrandione was achieved by diluting a 

20 

concentrated benzene solution (ca. 20 ml) of the residue cautiously with 
cyclohexane to a faint turbidity, and then stirring vigorously. When 
crystallization ensued, the mixture was cautiously diluted with more 
cyclohexane (ca. 20 ml) and stirred for a further 4 h, after which the 

25 

precipitate was collected and washed with cyclohexane/benzene (4:1) to 
afford the pyrandione. 

JO Method B 

A solution of n-butyllithium (45 ml, 2.45M in hexane, 110 mmol) was 
added to a stirred solution of diisopropylamine (15.6 ml, 111 mmol) in 
tetrahydrofuran (50 ml) maintained at 0°C under argon. The stirring was 
continued for 15 min at room temperature; the mixture was then chilled 
in ice. The substituted methyl or ethyl acetoacetate (52.5 mmol) was 
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then added and the resultant mixture stirred at 0° for 30 tnin; 
whereupon an appropriate ketone (50 tnmol dissolved in the minimum 
quantity of tetrahydrof uran to form a homogeneous solution) was added 
and stirring continued for an additional 90 min (or until the reaction 
mixture paled to light orange or yellow) before quenching with methanol 
(A. 8 ml, 120 mmol). The reaction mixture was then worked up as in 
Method A to give the pyrandione. 

10 : 

(tr)« deviation of Pyrandlones 

To a stirred solution of the pyrandione (6.10 tnmol) and DBU [1,8- 
diazabicyclo(5.4.0)-7-undecene] (0.99 g, 6.5 mmol) in toluene ( 20 ml) 
15 at 0° was added an appropriate acyl chloride (6.6 mmol) and the mixture 
stirred at 0°C for 2 h, then at room temperature for 24 h. Dilution 
with water (50 ml) and toluene (30 ml) and shaking the mixture gave an 
organic phase which was quickly washed with 5% hydrochloric acid, dried 
(sodium sulfate) and evaporated in vacuo. The residue and 4- 
dimethylaminopyridine (40 mg, 0.3 mmol) were heated under reflux in 
toluene (10 ml) for 3 h (or until thin layer chromatography showed that 
the reaction was complete) and then the toluene was removed in vacuo and 
the residue chromatographed [SiO^, dichloromethane : light petroleum (b.p. 
40-60°C): ethyl acetate (4:4:1)] to give the C -acylated compound . 



20 



25 



30 



(c) Oximation of Acylated Compounds. 

A mixture of the C^acylated compound (3.75 mmol), the appropriate 
O-substituted hydroxylamine hydrochloride (4.00 mmol), triethylamine 
(0.41 g, 4.0 mmol) and methanol (5 ml) was stirred at room temperature 
for 48 h, then poured into water (50 ml). Acidification of the mixture 
to pH 4 with 5M hydrochloric acid, extraction with diethyl ether or 
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ethyl acetate (2 x 50 ml) , evaporation of the organic phase and 
chromatography [Si0 2 , dichlorome thane or dichlorome thane : light 
petroleum (b.p. 40-60°C:ethyl acetate (4:4:1)] of the residue then 
afforded examples of compounds of the invention (2) 

5 

The compounds made using Method A include those in the 
following Examples (1-19). 

Example 1 

10 

Preparation of 8- ri-fethoxvimino^ butyl 1 -9 -hydroxy- 10- 
me thvl - 6 - oxas p iro T 4 , 5 1 dec - 8 - en - 7 - one 

(a) 10-tlethvl-6-oxaspiror4.51dec-7.9-di Q n e 

15 

Sodium hydride (1.65g, 80% in oil, ca 55 mmol) was reacted 
with methyl propionylacetate (6.5g, 50 mmol) in tetrahydrofuran 
(45 ml) at 10-15 °C. Addition of n-butyl lithium (22 ml, 2.5 M in 
hexane) at 0°C followed by cyclopentanone (4.45 ml, 50 mmol) and 
20 work^up according to Method A described above gave the pyrandione 
as a white powder (3,6g, 39%), m.p. 141-143°C. Mass spectrum m/z 
183 (M+l). Hi n.m.r. S (CDC1 3 ) 3.35, s, 2H; 2.36, broad s, CH3CH; 
1.3-2.1, m, 8H; 1.02, broad s, CH3CH. 

25> (b) 8 - Butvrvl - 9 -hydroxy- 10 -methyl - 6 - oxasp iro f 4 . 5 1 dec - 7 . 9 - dione 



The dione (i.48g), 8 mmol) was esterified with butyryl 
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chloride (l.lg, 10 mmol) in the presence of DBU (1.5g) and the 
0-butyryl ester intermediate was rearranged by heating with 
4-dimethylaminopyridine, as described in Part (b) of the general 
procedure above to give the C- acvlated compound (1.7g, 81%) as a 
5 light brown oil. Mass spectrum 253 (M+l) . l H n.m.r. 6 (CDC1 3 ) 
14.14, broad, OH; 3.01, t, J 7Hz, CH^CH^; 2.40, q, 1 7.5Hz, 
CH 3 CH, 2.35-1.2, complex, UH, 0.89, multiplet, Cl^CH^ and 
CHCH 3 . The crude product was used in the next step without 
additional purification. 

10 

(c) 8- ri-Ethoxvimino^butvll -9-hvdroxv-10-methvl-6-oxaspiro- 

f4.51dec-8-en-7-one 

The acylated compound (l.lg) obtained as described in (b) 
15 was reacted with ethoxyamine hydrochloride (0.5 g) in the presence 
of trie thy lamine (0.5 g) as described in Part (c) of the general 
procedure to give the oxime ether (1c) (0.73 g, 60%) as a pale 
yellow oil after chromatographic purification over silica gel. 
Mass spectrum m/z 296 (M+l). X H n.m.r. 6 (CDC1 3 ) 14.7, broad s, 
20 OH; 4.14, q, J 7Hz, OC^CHg; 2.98, broad t, J 7.5Hz, CH 2 CH 2 CH 3 ; 
2.43, q, J 8Hz f CHCH 3 ; 2.1-0.9, multiplet, 19H. 

Example 2 



25 Preparation of 8- f 1- ( ( 2-chloro-2-propenvl)oxvimino)butvll 

9 - hydroxy -10 -me th vl - 6 - oxasn ir o f 4 . 5 1 dec - 8 - en - 7 - one 
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(c) The acylated compound 1(c) (1.1 g) was reacted with 2- 

cnloro-2-propenyloxyamine hydrochloride (0.7 g) in the presence of 
triethylamine (0.5 g) as described in Part (c) of the general 
procedure above to give the oxime ether 2(c) as a pale yellow oil 
5 (0.84 g, 62%) after chromatographic purification over silica gel. 
Mass spectrum 342 (M+l) . l E n.m.r. 6 (CDC1 3 ) 13.9, broad, OH; 
5.46, s, C(C1)=CH2; 4.61, s, Ofe-CCCl); 2.98, broad t, J 7Hz, 
fflfeGH 2 GHg.; 2.24, q, J 7.5Hz; SHCH3; 2.2-1.5, broad, 10H; 1.30, d, I 
7.5Hz, CHCH 3 ; 0.98, t, J 7Hz, CH 2 CH 2 CH 3 . 

10 

Example 3 

Preparation of 8 - F 1 - f e thoxvimino ) butvl 1 - 10 - e thvl - 9 - 
hydroxy - 6 -oxaspiro f 4 . 5 1 dec - 8 - en- 7 - one 

15 

(a) 10 - Ethvl - 6 -oxaspiro r 4 . 5 1 dec- 7 . 9 - dione 

Sodium hydride (1.65 g, 80% in oil, ca 55 mmol) was 
reacted with ethyl butyrylacetate (7.9 ml, 50 mmol) in 

20 tetrahydrofuran (40 ml). Addition of Q-butyllithium (22 ml, 2.5M 
in hexane) at 0°C followed by cyclop entanone (4.43 ml, 50 mmol) 
and work- up according to Method A described above gave the 
pvrandione as a white powder (1.8 g, 18%) m.p. 111-113°C. Mass 
spectrum m/z 197 (M+l). *H n.m.r. 6 (CDC1 3 ) 3.37, broad s, 2H; 

25 2.38, broad t, J 7.5Hz, CHgCHgCH; 1.3-2.2, m, 10H; 0.97, broad t, J 
7Hz, CHgCHgCH. 
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(b) 8 - Butvrvl - 10 - ethvl - 9 -hydroxy- 6 - oxaspiro f 4 . 5 1 dec - 7 „ 9 - di cmp 

The pyrandione (1.55 g, 8 nnnol) was acylated with butyryl 
chloride (1.1 g, 10 mmol) in the presence of DBU (1.52 g) and the 
5 O-butyryl intermediate was rearranged by heating with 4- 

dimethylaminopyridine, as described in Part (b) of the general 
procedure above to afford the C-acvlated compound (2.0 g, 95%) as 
a pale yellow oil. Mass spectrum 267 (M+l). *H n.m.r. 6 (CDC1 3 ) 
14.55, broad, OH; 2.86, t, J 7.5Hz, CH 2 CH 2 CH 3 ; 2.4 - 1.2, complex, 
10 13H; 0.86, overlapping t, J 7.5Hz, CH^HaClk and CH^. 

(c) 8-fl-f E thoxvimino >butvl 1 - 10 - ethyl - 9 -hydroxy - 6 - 
oxasp ir o f4.51dec-8-en-7- one 

15 The acylated compound obtained as described in 3(b) 

(0.8 g) was oximated with ethoxyamine hydrochloride (0.4 g) in the 
presence of triethylamine (0.4 g) as described in Part (c) of the 
general procedure above to afford the title compound 3(c) (0.5 g, 
46%) as a pale yellow oil. Mass spectrum m/z 310 (M+l). 

20 X H n.m.r. 8 (CDC1 3 ) 15.08, broad s, OH; 4.05, q, J 7.5Hz, 0CH 2 CH 3 ; 
3.2 - 2.65, multiplet, 2H, CH 2 CH 2 CH 3 ; 2.6 - 1.3, complex, 13H; 
1.35, t, J 7.5Hz, OCH 2 CH 3 ; 0.97, overlapping t, J 7Hz, CH 2 CH 3 and 
CH 2 CH 2 CH 3 . 



25 



Example 4 

Preparation of 8- fl- ((2-chlo ro-2-propenvl^oxvimino^butvl1 
10 - ethvl - 9 -hydroxy - 3 -methvl - 6 - oxaspiro f 4 . 5 1 dec - 8 - en - 7 - one 
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( a ) 10 - Ethvl - 3 -methvl - 6 - oxasp iro f4 . 5 1 dec -7.9- diem* 

Sodium hydride (1.65 g, 80% in oil, ca 55 nnnol) was 
5 reacted with ethyl butyrylacetate (7.9 ml, 50 mmol) in 

tetrahydrofuran (40 ml). Addition of n-butyllithium (22 ml, 2.5 M 
in hexane) at 0°C followed by 3-methylcyclopentanone (5.23 g, 
55 mmol) and work up according to Method A described previously 
gave the pyyandfrone (4a) as a light brown waxy solid (2.4 g, 23%) 
10 mp 35-40°C. Mass spectrum m/z 211 (M+l) . X H n.m.r. S (CDC1 3 ) 

3.36, broad s, 2H; 2.37, broad t, J 7.5Hz, CH^CHjjCH; 2.2 - 1.3, m, 
12H; 0.98, broad t, J 7HZ, CHaCB^CH, 0.95, broad d, J 7Hz, CHCHg. 

0>> 8-but^rYl>10-ethvl-9-hvdroxv-3-iTi e t hvl-6-oxa S piror4.51d e r- 
15 8 -en- 7 -one 

The pyrandione (1.05 g, 5 mmol) was acylated with butyryl 
chloride (0.63 g, 6 mmol) in the presence of DBU (1.2 g) and the 
0-butyryl intermediate so obtained was rearranged by heating with 

20 4-dimethylaminopyridine; as described in Part (b) of the general 
procedure above to give the C-acvlated conroomid (1.18 g, 75%) as a 
light brown oil. Mass spectrum 281 (M+l). X H n.m.r. 8 (CDC1 3 ) 
14.14, broad, OH; 2.91, t, J 7.0Hz, C^CH^; 2.4 - 1.1, complex, 
15H; 1.0 - 0.9, m, 9H. The crude product thus obtained was used 

25 without purification in the next preparation. 
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(c) 8- Q- ( f2-chloro-2-propenvl)oxviminQ)butvn -10«ethvl-9» 

hydroxy - 3 -me thvl - 6 - oxaspir o [ 4 . 5 1 dec - 8 - en - 7 - one 



The acylated compound obtained as described in (b) 
5 (0.74 g) was reacted with 2-chloro-2-propenyloxyamine 

hydrochloride (0.5 g) in the presence of trie thy lamine (0.4 g) as 
described in Part (c) of the general procedure above to give the 
oxime ether (4c) (0.71 g, 65%) as a pale yellow oil after 
purification by chromatography over silica gel. Mass spectrum m/z 
10 371 (M+l). X H n.m.r. S CDC1 3 14.5, broad s, OH; 5.44, s, 

C(C1)=CH 2 ; 4.61, s, CH 2 -C(Cl); 2.96, t, J 7Hz, CHCH 2 CH 3 ; 2.4 - 0.9, 
m, 21H. 



Example 5 

15 Preparation of 3- f 1- ((2>chloro-2-propeny;)oxyimino)butyl1 - 

4 -hydroxy - 5 -methyl - 1 - oxasp lro f 5 . 5 ] undec - 3 - en- 2 - one 



(a) 5 -Me thyl- 1 - oxasp jro f 5 , 5 1 undeca- 2 , 4 - djone 

Cyclohexanone (51 mmol) was reacted with the dianion of 
20 ethyl propionylacetate , as described in Method B above. The 

pvrandione (4.1 g, 41%) crystallized from benzene/cyclohexane as a 
white powder m.p. 125-127°C. Mass spectrum m/z 197 (M+l). 



(b) 3 - Butvrv 1 - 4 -hydroxy - 5 -me thvl - 1 - oxasp iro f 5 . 5 1 unde c - 3 - en - 2 - one 
25 The pyrandione (3.0 g, 15.3 mmol) was acylated with 

butyryl chloride (1.97 g, 18.5 mmol) in the presence of DBU 
(2.74 g), and the O-butyryl intermediate rearranged by heating 
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with 4- dime thy laminopyridine , as described in Part (b) of the 
general procedure above, to afford the C-acvlated compound (3.55 
g, 87%) as a pale yellow oil. Mass spectrum m/z 267 (H+l) . X H 
n.m.r. 5 (CDC1 3 ) 15.35, broad s, OH; 3.03, t, J 7Hz, C^CH^; 
5 2.72 - 2.2, m, H5; 2.0 - 1.4, complex, 12H; 1.2, t, J 7Hz, 
CH 2 CH 2 CH 3 : 1.16, d, J 6Hz, CH 3 . 

(c) 3-ri>a2-chloro-2-propenvl^ox vimino)but^l1-4-hvdroxv-5> 
methyl- 1 - oxasoiro f 5 . 5 1 undec- 3 - en- 2 - one 

10 

The acylated compound obtained as described in 5(b) above 
(0.66 g, 2.5 mmol) was oximated with (2-chloro-2-propenyl)oxyamine 
hydrochloride (0.5 g, 3.5 mmol) in the presence of trie thy lamine 
(0.35 g) as described in Part (c) of the general procedure above, 
15 to afford the title compound 5(c) (0.52 g, 60%) as a mobile pale 
yellow oil. X H n.m.r. 6 (CDC1 3 ) 15.72, broad, 1H; 5.42, s, 2H, 
-CH 2 , 4.53, s, 2H OCHg; 2.95, t, J 7Hz m 2 ^2<^ 2 ; 2.45, q, J 6Hz, 
CH3CH; 2.2 - 1.35, complex 12H; 1.15, d, J 6Hz, CH3CH; 0.9, t, J 
7Hz, CHzCHaCHg. 

20, 

Example 6 

(c) Preparation of 3- f -l((3-chloro-2-propenvl^oxvimino^butrvl1 - 

4 -hydroxy- 5 -me thvl - 1 - oxasp ir o f 5 . 5 1 undec - 3 - en- 2 - one 



The acylated compound obtained as described in 5(b) above 
(0.53 g, 2 mmol) was reacted with 3-chloro-2-propenyloxyamine 
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hydrochloride (0.43 g, 3 mmol) (E/Z ratio about 1:1) in the 
presence of triethylamine (0.3 g, 3 mmol) as described in Part (c) 
of the general procedure. Following purification by 
chromatography on silica gel the product 6(c) (0.48 g, 68%) was 
5 obtained as a pale yellow oil. Mass spectrum m/z 356 (M+l) . 

X H n.m.r. 6 (CDC1 3 ) 14.4, broad s, OH; 6.6 - 5.8, m, CH^-QICI; 
4.8 - 4.4, m, C^CH-CHCl; 2.92, t, J 7.5Hz, CH 2 CH 2 CH 3 ; 2.24, q, J 
7H*r CH3CH; 2.1 - 1.4, m, 15H; 1.08, d, J 7Hz, CHCH3; 0.094, t, J 
7.5Hz. 

10 

Example 7 

Preparation of 3- fl- (ethoxyimino^ butyl! -5 -ethyl -4 -hydroxy - 
9 -me thvl - 1 - oxaspiro f 5 . 5 1 undec - 3 - en- 2 - one 

15 

(a) 5 - Ethvl - 9 -me thvl - 1 - oxasp ir o f 5 . 5 1 undec -2.4- di one 

Ethyl butyrylacetate (7.9 ml, 50 mmol) was reacted with 
sodium hydride (1.65 g, 80% in oil, ca 55 mmol) in 

20 tetrahydrofuran. Addition of n-butyllithium (22 ml, 2.5M in 

hexane) at 0°C followed by 4-methylcyclohexanone (5.6 g, 50 mmol) 
and work-up according to Method A described above gave the 
pvrandione 7(a) as colourless crystals (3.1 g, 28%) m.p. 92 - 
93°C. Mass spectrum m/z 225 (M+l) . X H n.m.r. S (CDC1 3 ) 3.35, 

25 broad s, 2H; 2.38, broad t, J 7.5Hz, CH3CH2CH; 2.1 - 0.8, m, 17H. 
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(b) 3 - Butvrv l - 5 - e thvl - 4 -hydroxy- 9 -me thvl - 1 - oxasp iro f 5 . 5 1 undec - 
3-en-2-one 

The pyrandione (2.2 g, 10 mmol) was acylated with butyryl 
chloride (1.2 g, 11 mmol) in the presence of DBU (1.67 g, 11 mmol) 
5 and the 0-butyryl product was rearranged by heating with 4- 
dimethylaminopyridine as described in Part (b) of the general 
procedure to give the C-acvlated compound 7(b) (2.4 g, 80%) as a 
light brown oil. Mass spectrum m/z 295 (M+l) . X H n.m.r. S (CDC1 3 ) 
14.5, broad s f OH; 3.12, t, J 7.5Hz, C^CH^; 2.14, broad t, J 
10 7Hz r CHCH 2 CH 3 ; 2.1 - 0.9, m, 22H. The crude product thus obtained 
was used without further purification in subsequent preparations. 

(c) 3- ri>(Ethoxvimino)butvn -5-etfryl-4-hvd^oxv-9-m & th^ -1 - 
oxaspiro F5.51 undec - 3 - en- 2- one 

15 The acylated compound obtained as described in 7(b) 

(0.59 g) was oximated with ethoxyamine hydrochloride (0.3 g) in 
the presence of triethylamine (0.3 g) as described in Part (c) of 
the general procedure above to give the oxime ether 7(c) (0.51 g, 
76%) as a pale yellow oil after chromatography over silica gel. 

20 Mass spectrum m/z 338 (M+l) . X H n.m.r. S (CDC1 3 ) 14.4, broad, OH; 
4.12, q, J 7Hz 0CH 2 CH 3 ; 3.2, broad t, J 7Hz, CH^CHj; 2.3 - 0.9, 
m, 25H. 

Example 8 

25 

Preparation of 3- fl- ( (2-propenyl)oxviminolbutvl1 -5-ethyl- 
4 -hydroxy - 9 -me thvl - 1 - oxasp iro T 5 . 5 1 un dec - 3 - en- 2 - one 
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(c) The acylated compound obtained as described in 7(b) 
(0.59 g, 20 mmol) was reacted with (2-propenyl)oxyamine 
hydrochloride (0.33 g, 30 mmol) in the presence of triethylamine 
5 (0.3 g, 30 mmol) as described in Part (c) of the general procedure 
to give the oxime ether 8(c) (0.53 g, 76%) as a pale yellow oil 
following chromatographic purification over silica gel. *H n.m.r. 
6 (CDC1 3 ) 14.7, broad s f OH; 6.1 - 5.0, m, CH^-CH,,; 4.40, d, J 
6Hz, CH 2 -CH-CH 2 ; 2.93, broad t, J 7.5Hz, CH 2 CH 2 CH 3 ; 2.20, broad t, J 
10 7Hz, CHCH 2 CH 3 ; 1.8 - 0.8, m, 22H. 

Example 9 

Preparation of 8- fl- (ethoxvimino^butvll - 9 -hydroxy -10- 
15 methvl-6-oxa-2-thiaspiror4.51d e c-8-en-7- Q Ti e 

(a) 10 -Me thvl - 6 - oxa - 2 - thiasniro f 4 . 5 1 dec - 7 , 9 - dione 

Sodium hydride in oil (1.65 g, 80% in oil ca 55 mmol) was 
20 reacted with methyl prop iony lace tate (6.5 g, 50 mmol) in 

tetrahydrofuran (40 ml) at 5-10°C. Addition of n-butyllithium 
(22 ml, 2.5M in hexane) at 0°C followed be tetrahydrothiophen-3- 
one (5.1 g, 50 mmol) and work up according to Method A described 
above gave the nvrandione 9(a) as a fawn powder (4.7 g, 47%), m.p. 
25 120-122°C. Mass spectrum m/z 201 (M+l) . *H n.m.r. 6 

[CDC1 3 +10%(CD 3 ) 2 SO] 5.14, s, CO-CH-C(OH) ; 3.4 - 1.6, m, 7H; 1.30, 
d, J 7Hz, CHCH3. 
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(d) 8 - Butyryl - 9 -hydroxy- 10 -methvl = 6 - oxa- 2 - thi asp 1 ro f 4 . S 1 dpr - fl ■ 

en- 7 -one 

5 The pyrandione (4.0 g, 20 mmol) was reacted with butyryl 

chloride (2.4 g, 22 mmol) in the presence of DBU (3.3 g, 22 mmol) 
to give the 0 -butyryl ester which was rearranged by heating with 
4^dimetiiylaniinopyridine as described in Part (b) of the general 
procedure to give the C-acvlated compound (4.2 g, 78%) as a brown 
10 oil. Mass spectrum m/z 271 (M+l) . X H n.m.r. 6 (CDC1 3 ) 14.0, 

broad, OH; 3.4 - 1.5, m, 11H, 1.3, broad d, J 7Hz, CHCH 3 ; 1.0, 
broad t, J 7 Hz, CH 2 CH 2 CH 3 . The crude product was used without 
further purification in the preparation of oxime ethers. 

15 (c) 8 T - f Ethoxvimino)butyl 1 -9 -hydroxy- 10 -methvl - 6 - oxa- 2 - 

thiasp iro f 4 . 5 1 dec - 8 - en- 7 - one 

The acylated compound obtained as described in 9(b) 
(0.54 g, 20 mmol) was reacted with ethoxyamine hydrochloride 

20 (0.25 g, 25 mmol) in the presence of triethylamine (0.25 g, 

25 mmol) as described in Part (c) of the general procedure to give 
the oxime ether 9(c) as a light brown oil (0.42 g, 68%) following 
chromatography over silica gel. Mass spectrum m/z 314 (M+l) . 
*H n.m.r. S (CDC1 3 ) 14.2, broad, OH: 4.06, q, J 7Hz, OC^O^; 3.3 - 

25 1.8, m, CH 2 SCH 2 , CH3CH and CH^CHg; 1.3 overlapping t and d, £ 
7Hz,. CH3CH2CH2 and 0CH 2 CH 3 : 0.9, broad t, CHCH3. 



WO 89/10922 



PCT/AU89/00191 



- 29 - 

EXAMPLE 10 

(c) Preparation of 8 fl- ( (2-propen vl)oxvlmlno)butvl1 -9-hvdroxv- 

10 -methyl -6-oxa-2- thiasp tro f 4 . 5 1 dec - 8 - en- 7 - one 

5 

The acylated compound 9(b) (0. 54 g, 20 mmol) described 
previously was reacted with 2-propenyloxyamine hydrochloride 
(0.28, 25 mmol) in the presence of triethylamine as described in 
Part (c) of the general procedure to give the oxime ether (0.31 g, 
10 48%) as a light brown oil following purification by chromatography 
over silica gel. Mass spectrum m/z 326 (M+l) . X H n.m.r. 6 (CDC1 3 ) 
15.1, broad s, OH; 6.6 - 4.8, m, CH^CH-Ok; 4.5, d, J 6Hz, 
CH 2 CH=CH 2 ; 3.4 - 1.4, m, 11H; 1.2, d, J 7.5, CHCHg; 0.92, broad t, 
J 7.5Hz, CH 2 CH 2 CH 3 . 

15 

Example 11 

(c) Preparation of 8 \1- ( (2-chloro-2-propenvl)oxvimino)butyl1 - 

9 -hydroxy- 10 -methvl - 6 - oxa - 2 - thiaspiro f 4 . 5 1 dec -8- en- 7 - one 

20 

The acylated compound 9(b) (0.54 g, 20 mmol) previously 
described was reacted with 2 -chloro- 2-propenyloxyamine 
hydrochloride (0.36 g, 25 mmol) in the presence of triethylamine 
(0.25 g, 25 mmol) as described in Part (c) of the general 
25 procedure to give the oxime ether (0.43 g, 60%) as a light brown 
oil after purification on silica gel. Mass spectrum, m/z, 361 
(M+l). X H n.m.r. 6 (CDCl 3 ) 15.1, broad s, OH; 5.7, s, 
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CV^CD-Sk; 4.7, s, CH^CCCD-CI^; 3.5 - 1.6, m, 11H; 1.48, d, J 
7Hz, CHCH3 ; 1.1, broad t, J 7Hz, CHgCH^. 

Example 12 

5 

Preparation of 9-fl-f ethoxvlmino ^ butvl 1 - 10 -hydroxy - 11 - 
methyl >7 * ox a -2- thiasp ir o \ 5 . 5 1 undec - 8 - en- 7 - one 

(a) 11 -Methvl - 7 - oxa- 2 - thiasp ir o f 5 . 5 1 undec -8.10- diona 

10 

Sodium hydride in oil (1.65 g, 80% in oil, ca 55 mmol) was 
reacted with methyl propionylacetate (6.5 g, 50 mmol) in 
tetrahydrofuran (50 ml) at 5-10°C. Addition of n-butyllithium (22 
ml, 2.5 M in hexane) at 0°C followed by tetrahydrothiopyran-3-one 
15 (5.9 g, 50 mmol) and work up according to Method A previously 

described above gave the pvrandione (5.7 g, 53%) as buff crystals 
m.p 190°C (dec). Mass spectrum, m/z 215 (M+l) . l H n.m.r. 6 
(CDC1 3 +10%(CD 3 ) 2 SO) 10.8, broad, OH; 5.20, s, CO-CH-C(OH); 3.6 - 
1.4, m, 9H; 1.19, d, J 7Hz, CHCH3. 

* 20 

(b) 9 -Butvrvl- 10 -hydroxy- 1 1 -methvl - 7 - oxa- 2 - 
thiasp iro f 5 . 5 1 undec - 8 - en- 7 - one 

The pyrandione 12(a) (2.14 g, 10 mmol) was acylated with 
25 butyryl chloride (1.2 g, 11 mmol) in the presence of DBU (1.67 g, 
11 mmol) and the O-butyryl ester was rearranged by heating with 4- 
dimethylaminopyridine as described in Part (b) of the general 
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procedure to give the C-acvlated compound (2.61 g, 92%) as a light 
brown oil. Mass spectrum, m/z, 285 (M+l). *H n.m.r. 6 (CDC1 3 ) 
12.8, broad, OH; 3.34, q, J 7.5Hz, CE^CB; 3.08, t, J 7Hz, 
CH 2 CH 2 CH 3 ; 2.74, broad s, S-CH 2 ; 2.6 - 1.4, m, 10H; 1.24, d, J 7Hz, 
5 CHgCH; 0.94, t, J 7Hz, C^CH^CHa . The crude 12(b) was used without 
further purification in subsequent preparations . 

(c) 9-ri^Ethoxvimino>butvl1>10-hvdro^vU-TiiethYl^7-oxa-2- 
thiaso iro f 5 . 5 1 undec - 8 - en- 7 - one 

10 

The acylated compound 12(b) (0.57 g, 20 mmol) described 
above was reacted with ethoxyamine hydrochloride (0.25 g, 25 mmol) 
in the presence of triethylamine (0.25 g, 25 mmol) as described in 
Part (c) of the general procedure to give the oxime ether (0.52 g, 
15 80%) as a pale brown oil following purification upon silica gel. 
Mass spectrum, m/z, 328 (M+l). X H n.m.r. S (CDC1 3 ) 14.9, broad, 
OH; 4.1, q, J 7Hz, 0CH 2 CH 3 ; 3,5- 1.4, m, 12H; 1.31, t, J 7Hz, 
0CH 2 CH 3 ; 1.24, d, J 7Hz, CHCH 3 ; 0.98, broad t f J 7Hz, CH 2 CH 2 CH 3 . 

20 Example 13 

(c) Preparation of 9- Tl- ((2-chloro -2-proDenvl)oxvimino)butYll- 

lO-hvdroxv-ll-methvl-7-oxa-2-thia spirof5.51undec-8-en-7- 

one 

25 

The acylated compound 12(b) (0.57 g, 20 mmol) described 
previously was reacted with 2-chloro-2-propenyloxyamine 
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hydrochloride (0.36 g, 25 mmol) in the presence of trie thy lamine 
(0.25 g, 25 mmol) as described in Part (c) of the general 
procedure to give the oxime ether (6.4 g t 85%) as a pale yellow 
oil after chromatographic purif ication over silica gel. Mass 
5 spectrum, m/z 374 (ttfl) . X H n.m.r. , 14.7, broad, OH; 5.55, s, 

CVCCCD-CIk; s, CHg-C^D-CH^ 3.6 - 1.4, m, 13H; 1.28, d, 

J 7Hz, CH 3 CH: 0.94, t, J 7Hz, C^CHaC^. 



10 



Example 14 

(c) Preparation of 9- Tl- ( (3-chloro>2-prope nvl^oxvimino)butvn • 

10 -hydroxy - 11 -me thvl - 7 - oxa-2 - thiaspiro \ 5 . 5 1 undec -8-en-7- 



15 The acylated compound 12(b) (0.57 g, 20 mmol) described 

previously was reacted with 3-chloro-2-propenyloxyamine 
hydrochloride (0.36 g, 25 mmol) in the presence of triethylamine 
(0.25 g, 25 mmol) as described in Part (c) of the general 
procedure to give the oxime ether (5.7 g, 76%) as a light brown 

20 oil after chromatography over silica gel. Mass spectrum, m/z, 374 
(tt+1). X H n.m.r. S (CDC1 3 ) 14.3, broad, OH; 6.5 - 5.8, m, 
CH^=CHC1; 4.8 - 4.4, m, CtfeCH-CHCl; 3.4, q, J 7Hz, CH3CH; 3.2 - 
1.4, m, 12H; 1.22, d, J 7Hz, CH3CH; 0.92, broad t, J 7Hz, 
CI^CH^CH^ . 



25. 
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Example 15 

Preparation of 9 f 1- (ethoxvimino)butvll -10-hvdroxv- li- 
me thvl - 7 - oxa -3- thiaspiro f 5 . 5 1 undec -8-en-7- one 

5 

(a) 1 1 - Me thvl - 7 - oxa - 3 - thiasp ir o f 5 . 5 1 undec -8.10- dione 

Sodium hydride in oil (1.65 g, 80% in oil, ca 55 mmol) was 
reacted with methyl propionylacetate (6.5 g, 50 mmol) in 

10 tetrahydrofuran (45 ml) at 5-10°C to form the sodium salt. 

Addition of n-butyllithium (22 ml, 2.5M in hexane) at 0°C gave the 
dianion which was reacted with tetrahydrothiopyran-4-one (5.9 g, 
50 mmol) and worked up according to Method A described previously 
to give the pyrandione (5.5 g, 51%) as a white powder, m.p. 142- 

15 145°C. Mass spectrum, m/z, 215 (M+l) . X H n.m.r. S (CDC1 3 ) 3.40, 
s, C0CH 2 C0; 3.38 - 1.5, m, 9H; 1.22, d, J 7Hz, CHCH 3 . 

(b) 9 - Butvrvl - 10 -hvdroxv> 11 -methyl - 7 - oxa - 3 - 
thiaspiro [5.5] undec - 8 - en ■ 7 - one 

20 

The pyrandione 15(a) (4.3 g, 20 mmol) was reacted with 
butyryl chloride (2.4 g, 22 mmol) in the presence of DBU (3.34 g, 
22 mmol) and the 0-butyryl ester obtained was rearranged by 
heating with 4-dimethylaminopyridine as described in Part (b) of 
25 the general procedure to give the C-acvlated compound 15(b) 
(5.07 g, 89%) as a light brown oil. Mass spectrum, m/z, 285 
(M+l). X H n.m.r. 6 (CDC1 3 ) 15.2, broad, OH; 3.2 - 1.4, m, 13H, 
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1.29, d, J 7Hz; 0.96, t, J 7.5Hz, CEtCR^. Crude 15(b) was used 
without additional purification. 

(c) 9 - F 1 - ( Ethoxvi mi r»n i,tvl 1 - 10 -h vdroxv- 11 -me thvl - 7 - oy a - 3 - 

5 thiaspiro f 5 . 5 lundec- 8 >en-7- ona 

The triketone 15(b) (0.57 g, 20 mmol) described previously 
was reacted with ethoxyamine hydrochloride (0.25 g, 25 mmol) in 
the presence of triethylamine (0.25 g, 25 mmol) as described in 

10 Part (c) of the general procedure to give the oxime ether (0.49 g, 
75%) as a pale yellow oil after purification by chromatography 
over silica gel. Mass spectrum, m/z, 328 (M+l) . X H n.m.r. S 
(CDC1 3 ) 14.5, broad, OH; 3,6, q, 1 7Hz, OC^CHg; 2.6 - 1,06, m, 
13H; 1.0 - 0.48, overlapping t, d and t, OCH^, CHCH3 and 

15 CH^CHjjCHa. 

Example 16 

(°) Preparation of 9- n - ( ( 3 -chl oro - 2 -pronRnvl ) n*yi ™^,nyi ] - 

20 10-hvdroxv-ll-methvl -7-oxa-3-thiaspiror5 51unde C -8-PT>,7- 

one 

The triketone 15(b) (0.57 g, 20 mmol) described above was 
reacted with 3-chloro-2-propenyloxyamine hydrochloride (0.36 g, 25 
25. mmol) in the presence of triethylamine (0.25 g, 25 mmol) as 

described in Part (c) of the general procedure to give the oxime 
ether C°- 49 S. 65%) as a pale yellow oil after chromatography over 
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silica gel. Mass spectrum, m/z, 374 (M+l) . *H n.m.r. 6 (CDC1 3 ) 
14.6, broad, OH; 6.3 - 5.7, m, CH 2 -CH«CHC1; 4.42, d, J 6Hz , 
CH 2 CH=CHC1; 3.2 - 1.35, m, 13H; 1.15, d, 7Hz, CH^; 0.97, broad t, 
J 7Hz, CH 2 CH2CT3. 

5 

Example 17 

(c) Preparation of 9- f 1- ((2-chlor o-2-propenvl^oxvimino^butvlN 

10-hvdroxv-ll>methvl-7- oxa-3-thiaspirof5.51undec>8-en-7- 
10 one 

The triketone 15(b) (0.57 g, 20 mmol) described above was 
reacted with 2-chloro-2-propenyloxyamine hydrochloride (0.36 g, 25 
mmol) in the presence of triethylamine (0.25 g, 25 mmol) as 

15 described in Part (c) of the general procedure to give the oxime 
ether (0.51 g, 68%) as a pale yellow oil after chromatographic 
purification over silica gel. Mass spectrum, m/z, 374 (M+l). X H 
n.m.r. 6 (CDC1 3 ) 13.8, broad s, OH; 5.5, s, CH 2 -C(C1)-CH 2 ; 4.59, s, 
CH 2 -C(C1)-CH 2 ; 3.3 - 2.34, m, 13H; 1.22, d, J 7Hz, CHCH 3 ; 0.98, 

20 broad t, J 7.5Hz, CH^C^C^. 

Example 18 

(c) Preparation of 9 - f 1 - ( (2 -propenvl^ oxvimino^butvl 1 - 10 - 

25 hvdroxv-ll-methvl-7-oxa-3-thiaspirof 5. 51undec-8-en-7-one 



The acylated diketone 15(b) (0.57 g, 20 mmol) previously 
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described was reacted with 2-propenyloxyamine hydrochloride 
(0.27 g, 22 mmol) in the presence of triethylamine (0.25g, 25 
mmol) as described in Part (c) of the general procedure to give 
the oxime ether (0.52g, 76%) as a pale yellow oil after 
5 purification by chromatography over silica gel. Mass spectrum, 

m/z, 340 (M+l). *H n.m.r. S (CDC1 3 ) 14.7, broad, OH; 6.2 - 5.1, m, 
CHaCH-CH^ 4.50, d, J 6Hz, C^CH-CH^ 3.2 - 1.3, m, 13H; 1.14, d, J 
7Hz, CHCH3; 0.97, broad t, J 7Hz, ^CH^. 

10 Example 19 

Cc) Preparation of 9- ri >((2-Dropvnvl^oxvimino)butvl1 -10- 

hydroxy - 1 1 - me thvl - 7 - oxa - 3 - t:hi*sp ir o f 5 . 5 1 nndec - 8 - en - 7 - p 

15 The triketone 15(b) (0.57 g, 20 mmol) previously described 

was reacted with 2-propynyloxyamine hydrochloride (0.27 g, 22 
mmol) in the presence of triethylamine (0.25g, 25 mmol) as 
described in Part (c) of the general procedure to give the oxime 
*£hg£l (0.49g, 73%) as a pale yellow oil following purification by 

20 chromatography over silica gel: Mass spectrum, m/z, 338 (M+l) . 

X H n.m.r. S (CDC1 3 ) 14.3, broad, OH; 4.61, d, J 3Hz, C^C^CH; 3.4 - 
1.3, m, 14H; 1.21, d, J 7Hz, CHCH3; 0.91, broad t, J 7Hz, 
CHg CH* > CH3 . 

25 pre -emergent herbicidal activities of the compounds of 

the invention were assessed by the following procedure: 
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Seeds of each of the test species were sown 5 mm deep in 
pre -sterilized soil in square plastic pots approximately 6cm x 7cm 
with an appropriate number of seeds per pot to avoid overcrowding 
and allow satisfactory plant development. The pots were then 
5 placed at randomised positions in trays 30cm x 34cm so that each 
tray contained one of each test species. 



The required quantity of the test compound was dissolved 
in acetone and the acetone solution dispersed in water to give a 
10 spray liquid volume equivalent to 1000 1/ha. 



Two trays were sprayed with the test compound for each 
application rate using a flat fan even swathe nozzle. One tray 
for each ten chemical treatments was sprayed with acetone/water 

15 only and was included in the remainder of the test procedure to 
act as control. All the trays were placed in a glasshouse, 
lightly watered with an overhead spray to initiate germination and 
then spray irrigated as required for optimum plant growth. After 
three weeks the trays were removed from the greenhouse and the 

20 effect of the treatment was assessed. The assessments were on a 
1-10 scale, where 0 - no effect and 10 « plants dead. 



The test species and results are shown for the compounds 
of Examples 1 - 2 in Tables 1-2 respectively. 

25 

The post -emergent herbicidal activities of the compounds 
of the invention were assessed by the following procedures: 
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Seeds of each of the test species were sown 5mm deep in 
pre-sterilized soil in square plastic pots approximately 6 cm x 
7cm with an appropriate number of seeds per pot to avoid 
5 overcrowding and allow satisfactory plant development. The pots 
were then placed at randomised positions in trays 30cm x 34cm so 
that each tray contained one of each test species. 

All they trays were placed in a glasshouse, lightly 
10 watered with, an overhead spray to initiate germination and then 
spray irrigated as required for optimum plant growth. After the 
plants had grown to a height of 10 to 12.5cm the required quantity 
of the test compound was dissolved in acetone and the acetone 
solution dispersed in water to give a spray , liquid volume 
15 equivalent to 1000 1/ha. 



Two trays were sprayed with the test compound for each 
application rate using a flat fan even swathe nozzle. One tray 
for; each ten chemical treatments was sprayed with acetone/water 
solution only and was included in the remainder of the test 
procedure to act as control. 



20 



The treated trays were then returned to the greenhouse. 
After three weeks post- treatment the effect of the treatment was 
25 visually assessed. The assessments were on a 0 - 10 scale, where 
0 = no effect and 10 - plants dead. 
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The test species and results are shown for the compounds 
of Examples 1 - 19 in the Tables which follow. 
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HERBICIDAL ACTIVITY OF COMPOUND lfcl 



15 



20 



PLANT 



MEAN HERBICIDAL RATING 
PRE -EMERGENT POST-EMERGENT 
Application Rate Application Rate 
(Kg/Ha) (Kg/Ha) 
0.1 0.4 0.1 0.4 



25 



Barnyard grass 8 

crabgrass 3 
Cheat grass 

Giant foxtail 7 

Barley 2 

Corn 0 

Rice 0 

Sorghum 2 

Wheat 0 



10 

5 

8 
2 
5 
3 
3 
2 



10 
5 

7 
0 
4 
5 
0 
2 



10 

7 

9 
3 
7 
7 
3 
5 



30 
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HERBICIDAL ACTIVITY OF COMPOUND 2(c) 



10 



MEAN HERBICIDAL RATING 
PRE-EMERGENT POST-EMERGENT 
Application Rate Application Rate 







(Kg/Ha) 




(Kg/Ha) 




15 


PLANT 


0.1 


0.4 


0.1 


o.. 




Barnyard grass 


9 


10 


10 


10 




Crabgrass 


2 


6 


5 


7 




Cheat grass 










20 


Giant foxtail 


6 


8 


4 


9 




Barley 


0 


3 


0 


2 




Corn 


3 


4 


2 


9 




Rice 


0 


4 


5 


7 




Sorghum 


0 


3 


2 


3 


25 


Wheat 


0 


4 


0 


5 
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HERBICIDAL ACTIVITY OF COMPOUND 3fc^ 



5 



10 



MEAN HERBICIDAL RATING 
PRE-EMERGENT POST-EMERGENT 
15 Application Rate Application Rate 





(Kg/Ha) 




(Kg/Ha) 




PLANT 


0.1 


0.4 


0.1 


0.4 


Barnyard grass 


9 


10 


9 


10 


Crabgrass 


3 


7 


7 


7 


Cheat grass 


2 


7 


3 


6 


Giant foxtail 


5 


7 


7 


9 


Barley 


0 


0 


0 


0 


Com 


5 


7 


7 


9 


Rice 


5 


8 


7 


9 


Sorghum 


0 


0 


0 


0 


Wheat 


5 


7 


0 


7 
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HERBICIDAL ACTIVITY OF COMPOUND 4 ( 



5 



10 MEAN HERBICIDAL RATING 

PEE-EMERGENT POST-EMERGENT 
Application Rate Application Rate 





(Kg/Ha) 




(Kg/Ha) 




PLANT 


0.1 


0.4 


0.1 


0 


Barnyard grass 


0 


10 


9 


9 


Crabgrass 


6 


9 


2 


7 


Cheat grass 


0 


4 


0 


3 


Giant foxtail 


5 


9 


0 


9 


Barley 


0 


0 


0 


0 


Corn 


0 


0 


4 


7 


Rice 


0 


0 


2 


8 


Sorghum 


0 


0 


0 


0 


Wheat 


0 


0 


0 


0 



25 
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HERBICIDAL ACTIVITY OF COMPOUND 5(c) 

5 



10 



15 



PLANT 



MEAN HERBICIDAL RATING 
PRE-EMERGENT POST-EMERGENT 
Application Rate Application Rate 
(Kg/Ha) (Kg/Ha) 
0.1 0.4 0.1 0.4 



Barnyard grass 2 

Crabgrass 0 

20 Cheat grass 

Giant foxtail 3 

Barley 0 

Corn 0 

Rice 0 

25 Sorghum 0 

W heat. 0 



10 
8 

9 
0 
6 
0 
0 
2 



9 
2 

7 
0 
4 
0 
0 
0 



10 
9 

9 
0 
8 
7 
3 
4 
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HERBICIDAL ACTIVITY OF COMPOUND 6(c) 



5 



MEAN 

15 HERBICIDAL RATING 

PRE -EMERGENT 

POST-EMERGENT 

Application Rate Application Rate 



PLANT 


(Kg/Ha) 
0.1 


0.4 


(Kg/Ha) 

0.1 


0.4 


Barnyard grass 


7 


10 


9 


10 


Crabgrass 


7 


9 


0 


7 


Cheat grass 


0 


8 


2 


7 


Giant foxtail 


5 


5 


5 


9 


Barley- 


0 


0 


0 


0 


corn 


0 


7 


3 


7 


Rice 


0 


8 


5 


9 


Sorghum 


0 


0 


0 


0 


Wheat 


0 


0 


0 


0 
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HERBICIDAL ACTIVITY OF COMPOUND 7(c\ 



5 



MEAN 

10 HERBICIDAL RATING 

PRE -EMERGENT 

POST-EMERGENT 

Application Rate Application Rate 
(Kg/Ha) (Kg/Ha) 



15 PLANT 0.1 0.4 0.1 0.4 



Barnyard grass 0 3 9 9 

Crabgrass 3 5 5 9 

Cheat grass 0 3 0 0 

20 Giant foxtail 0 2 7 9 

Barley 0 3 o 2 

Com 0 5 0 9 

Rice 0 0 1 8 

Sorghum 0 0 2 2 

25 . Wheat 0 2 0 0 
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HERBICIDAL ACTIVITY OF COMPOUND 8(c) 



5 



10 



MEAN 

3ERBICIDAL RATING 
15 PRE-EMERGENT 
POST-EMERGENT 

Application Rate Application Rate 



30 





(Kg/Ha) 




(Kg/Ha) 




PLANT 


0.1 


0.4 


0.1 


0.4 


Barnyard grass 


8 


9 


9 


10 


Crabgrass 


6 


9 


3 


9 


Cheat grass 


0 


2 


0 


9 


Giant foxtail 


5 


6 


8 


9 


Barley 


0 


6 


5 


7 


Corn 


0 


7 


3 


10 


Rice 


0 


7 


8 


9 


Sorghum 


0 


2 


0 


0 


Wheat 


0 


5 


2 


9 
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HERBICIDAL ACTIVITY OF COMPOUND Q (r*.) 



5 



MEAN 

10 HERBICIDAL RATING 

PRE -EMERGENT 

POST-EMERGENT 

Application Rate Application Rate 





(Kg/Ha) 




(Kg/Ha) 




PLANT 


0.1 


0.4 


0.1 


o.. 


Barnyard grass 


2 


10 


10 


10 


Crabgrass 


9 


10 


9 


10 


Cheat grass 


7 


7 


0 


9 


Giant foxtail 


4 


9 


8 


10 


Barley 


9 


9 


7 


9 


Corn 


7 


9 


9 


10 


Rice 


7 


7 


9 


9 


Sorghum 


9 


9 


5 


9 


Wheat 


6 


8 


6 


9 
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HERBICIDAL ACTIVITY OF COMPOUND 10(c) 



15 



20 



HERBICIDAI, RATING 
POST-EMERGENT 



MEAN 
PRE -EMERGENT 
Application Rate Application Rate 





(Kg/Ha) 




(Kg/Ha) 




PLANT 


0.1 


0.4 


0.1 


0.4 


Barnyard grass 


9 


10 


10 


10 


Crabgrass 


7 


10 


9 


10 


Cheat grass 


8 


9 


9 


10 


Giant foxtail 


7 


10 


10 


10 


Barley 


9 


9 


9 


10 


Corn 


8 


9 


9 


10 


Rice 


10 


10 


10 


10 


Sorghum 


7 


9 


6 


10 


Wheat 


8 


9 


9 


10 



25 
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HERBICIDAL ACTIVITY OF COMPOUND life) 



5 



100 



MEAN 

HERBICIDAIj RATING 

PRE-EMERGENT 

POST-EMERGENT 

Application Rate Application Rate 



30 



PLANT 


(Kg/Ha) 
0.1 


0.4 


(Kg/Ha) 

0.1 


0.4 


Barnyard grass 


3 


10 


10 


10 


Crabgrass 


9 


9 


9 


10 


Cheat grass 


5 


8 


9 


9 


Giant foxtail 


6 


9 


9 


9 


Barley- 


8 


10 


8 


10 


corn 


7 


9 


9 


10 


Rice 


8 


10 


9 


9 


Sorghum 


8 


9 


7 


9 


Wheat 


3 


9 


9 


9 
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HERBICIDAL ACTIVITY OF COMPOUND 12(c) 



5 



ID. 



MEAN 

HERBICIDAL RATING 
15 PRE -EMERGENT 

POST-EMERGENT 

Application Rate Application Rate 



20 



PLANT 


(Kg/Ha) 
0.1 


0.4 


(Kg/Ha) 
0.1 


0.4 


Barnyard grass 


2 


9 


9 


10 


Crabgrass 


2 


3 


9 


9 


Cheat grass 


2 


8 


3 


9 


Giant foxtail 


8 


9 


9 


10 


Barley 


8 


8 


0 


9 


Corn 


6 


9 


7 


10 


Rice 


3 


8 


8 


9 


Sorghum 


4 


9 


2 


9 


Wheat 


7 


8 


4 


9 
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HERBICIDAIx ACTIVITY OF COMPOUND 13 (rA 



5 



10 



MEAN 

HERBICIDAIi RATING 

PRE -EMERGENT 

POST-EMERGENT 

Application Rate Application Rate 



30 



PLANT 


(Kg/Ha) 
0.1 


0.4 


(Kg/Ha) 
0.1 


0.4 


Barnyard grass 


7 


10 


10 


10 


Crabgrass 


0 


10 


9 


10 


Cheat grass 


3 


9 


3 


9 


Giant foxtail 


7 


10 


9 


10 


Barley 


6 


9 


6 


9 


Com 


8 


9 


10 


10 


Rice 


5 


10 


9 


10 


Sorghum 


4 


9 


0 


9 


Wheat 


7 


9 


9 


10 
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HERBICIDAL ACTIVITY OF COMPOUND 14 (c\ 



5 



10 



HERBICIDAL RA' 

15 

POST-EMERGENT 



PLANT 
20 



Barnyard grass 


9 


10 


10 


10 


Crabgrass 


10 


10 


9 


10 


Cheat grass 


1 


9 


9 


9 


Giant foxtail 


7 


9 


9 


10 


Barley 


9 


9 


5 


9 


Com 


8 


9 


7 


10 


Rice 


5 


10 


9 


9 


Sorghum 


3 


9 


0 


7 


Wheat 


9 


9 


7 


9 



MEAN 

TING 

PRE -EMERGENT 

Application Rate Application Rate 

(Kg/Ha) (Kg/Ha) 

0.1 0.4 0.1 0.4 
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HERBICIDAL ACTIVITY OF COMPOUND 15 (cl 



io:- 



15 HERBICIDAL RATING 
POST-EMERGENT . 

Application Rate 
(Kg/Ha) 

20 PLANT 0.1 0.4 



Barnyard grass 


9 


10 


10 


10 


Crabgrass 


5 


9 


9 


9 


Cheat grass 


5 


9 


9 


9 


Giant foxtail 


8 


9 


9 


10 


Barley 


9 


10 


5 


9 


Corn 


8 


9 


8 


10 


Rice 


9 


10 


9 


9 


Sorghum 


8 


9 


7 


9 


Wheat 


8 


8 


9 


9 



MEAN 

PRE-EMERGENT 

Application Rate 
(Kg/Ha) 

0.1 0.4 
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HERBICIDAL ACTIVITY OF COMPOUND 16(c) 



100 



15 



20 



25 



MEAN 



HERBICIDAL RATING 
POST-EMERGENT 



PRE -EMERGENT 
Application Rate Application Rate 



30 



PLANT 


(Kg/Ha) 
0.1 


0.4 


(Kg/Ha) 
0.1 


0.4 


Barnyard grass 


3 


10 


9 


10 


Crab grass 


8 


9 


9 


9 


Cheat grass 


5 


8 


8 


9 


Giant foxtail 


0 


8 


7 


9 


Barley 


7 


9 


4 


9 


Corn 


7 


9 


7 


9 


Rice 


8 


9 


9 


9 


Sorghum 


8 


9 


5 


7 


Wheat 


7 


9 


9 


9 
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HERBICIDAIi ACTIVITY OF COMPOUND 17fn) 



10 



15 



20 



25 



HERBICIDAIi RATTTJC 
POST-EMERGENT 



MEAN 
PRE -EMERGENT 



PLANT 



Application Rate Application Rate 

(Kg/Ha) (Kg/Ha) 

0.1 0.4 0.1 0.4 



Barnyard grass 


7 


8 


9 


10 


Crabgrass 


9 


9 


9 


9 


Cheat grass 


5 


8 


5 


9 


Giant foxtail 
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7 


9 


Barley 


9 


9 


7 


9 


Corn 


7 


9 


8 


10 


Rice 


7 


9 


9 


9 


Sorghum 


8 


8 


8 


10 


Wheat 


7 


9 


9 


9 



30 
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HERBICIDAL ACTIVITY OF COMPOUND 18 (c) 



15 



20 



25: 



EERBICIDAL RATING 
POST-EMERGENT 



MEAN 
PRE-EMERGENT 



Application Rate Application Rate 



30 



PLANT 


(Kg/Ha) 
0.1 


0.4 


(Kg/Ha) 
0.1 


0.4 


Barnyard grass 


10 


10 


10 


10 


Crabgrass 


6 


10 


9 


10 


Cheat grass 


7 


9 


9 


10 


Giant foxtail 


7 


10 


9 


10 


Barley 


9 


9 


9 


10 


Corn 


9 


10 


9 


10 


Rice 


10 


10 


10 


10 


Sorghum 


7 


9 


9 


10 


Wheat 


9 


10 


10 


10 
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HERBICIDAL ACTIVITY OF COMPOUND 19 (c\ 



5 



100 



MEAN 

HERBICIDAL RATING 

PRE -EMERGENT 

POST-EMERGENT 

Application Rate Application Rate 



30 



PLANT 


(Kg/Ha) 

0.1 


0.4 


(Kg/Ha) 
0.1 


0.4 


Barnyard grass 


6 


10 


10 


10 


Crabgrass 


4 


9 


8 


9 


Cheat grass 
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9 
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Giant foxtail 
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10 


Barley 


8 
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10 


Corn 
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10 


Rice 
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10 
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10 


Sorghum 
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9 


5 


9 


Wheat- 


9 


9 


9 


9 
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It will be clear to the reader that various 
modifications and variations may be made to the present 
invention without departing from the spirit and scope 
thereof. 
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CLAIMS 

A compound of the general formula (2) or an isomeric or tautomeric 
form thereof: 



5 




characterised in that R 1 is selected from the group consisting of: 
hydrogen, alkyl; alkenyl; alkynyl; substituted alkyl wherein the 
alkyl group is substituted with a substituent selected from the 
group consisting of alkoxy, alkyl thio , optionally substituted 
15 phenyl, optionally substituted heterocycle; optionally substituted 
phenyl; optionally substituted heterocycle; alkyl sulfonyl; 
optionally substituted benzene sulfonyl; an acyl group; and an 
inorganic or organic cation; 

20 R 2 is selected from the group consisting of: alkyl; 

alkenyl; haloalkenyl; alkynyl; haloalkynyl; substituted alkyl 
wherein the alkyl group is substituted with a substituent selected 
from the group consisting of halogen, alkoxy, alkylthio, 
optionally substituted phenyl, and optionally substituted 

25 heterocycle; optionally substituted phenyl; and optionally 
substituted heterocycle; 
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R 3 is selected from the group consisting of: alkyl; 
fluoroalkyl; alkenyl; alkynyl; and optionally substituted phenyl; 

R* is selected from the group consisting of: alkyl other 
5 than methyl; alkenyl; alkynyl; haloalkyl; cycloalkyl; 

cycloalkenyl ; substituted alkyl or substituted cycloalkyl wherein 
the alkyl or cycloalkyl group is substituted heterocyclo; oxo; 
acyl; alkoxy; alkyl thio; alkoxycarbonyl ; ( alkoxyimino) alkyl ; 
ketal; and carboxylic acid; 

10 

R 3 is selected from the group consisting of alkyl; 
alkenyl; alkynyl; haloalkyl; haloalkenyl; cycloalkyl; 
cycloalkenyl; substituted alkyl or substituted cycloalkyl wherein 
the alkyl or cycloalkyl group is substituted with a* substituent 
15 selected from the group consisting of alkoxy, alkylthio, oxo, 

acyl, alkoxycarbonyl, (alkoxyimino) alkyl, ketal, carboxylic acid, 
optionally substituted phenyl, and optionally substituted 
heterocycle; optionally substituted phenyl; and optionally 
substituted heterocycle; 

20 

QR 

R* and R 5 together with the carbon to which they are 
attached form a substituted or unsubstituted, saturated or 
25 partially saturated heterocyclic or carbocyclic ring containing 3 
or more ring atom, the said ring being optionally bridged or 
fused; and wherein the ring substituents are selected from the 
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group consisting of hydrogen; alkyl; alkenyl; alkynyl; substituted 
alkyl wherein the alkyl group is substituted with a substituent 
selected from the group consisting of alkoxy, alkyl thio, 
optionally substituted phenyl, and optionally substituted 
5 heterocycle; optionally substituted phenyl; optionally substituted 
heterocycle; oxo; acyl; alkoxy; alkyl thio; alkoxycarbonyl ; 
(alkoxyimino) alkyl; ketal; and carboxylic acid; 

R 6 is selected from the group consisting of alkyl, alkoxy, 
10 alkyl thio, halogen or substituted alkyl wherein the alkyl group is 
substituted with a substituent selected from the group consisting 
of alkoxy, alkylthio or halogen. 

2. A compound as claimed in Claim 1, characterised in that it 

15 is a spirocyclic derivative of the general formula (3), (4) or (5) 



20 




wherein R 1 , R 2 and R 3 are as specified in Claim 1; 

25 

R 7 , R 8 and R 9 are selected from the group consisting of 
hydrogen; halo; alkyl; alkenyl; alkynyl; substituted alkyl wherein 
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the alkyl group is substituted with a substituent selected from 
the group consisting of halo, alkoxy, alkylthio, optionally 
substitute phenyl, and optionally substituted heterocycle; 
optionally substituted phenyl; optionally substituted heterocycle; 
5 oxo; acyl; alkoxy; alkylthio; alkoxy carbonyl ; alkoxy imino; alkyl; 
ketal; and carboxylic acid. 



R 5 is selected from the group consisting of alkyl, alkoxy, 
alkylthio, halogen or substituted alkyl wherein the alkyl group is 
10 substituted with a substituent selected from the group consisting 
of alkoxy, alkylthio or halogen 

and wherein in the spirocyclic derivatives of formulae (3) 
and (4), the non- lactone ring may be saturated or partially 
15 unsaturated; 



and wherein in formula (5) , the polyatomic ring containing 
X and Y is a substituted saturated or partially saturated 
heterocyclic ring containing 5, 6 or 7 ring atoms, including one 

20 or more heteroatoms selected from the group consisting of oxygen, 
nitrogen and sulfur, and the ring is optionally substituted with 
a substituent selected from the group consisting of alkyl; 
alkenyl; oxo; acyl; alkoxy; alkylthio; ketal; alkoxycarbonyl ; 
(alkoxyimino) alkyl; substituted alkyl wherein the alkyl group 

25 consisting of alkoxy, alkythio, optionally substituted phenyl, and 
optionally substituted heterocycle; optionally substituted phenyl; 
and optionally substituted heterocycle. 
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3. A compound as claimed in Claim 1 or Claim 2, characterised 

. in that any heterocyclic ring contains more than three atoms. 

5 4. A compound as claimed in Claim 3, characterised in that 

the heterocyclic ring is selected from the group consisting of 
thiophenyl, benzofuranyl , furanyl, morpholino, and pyridyl. 

5. A compound as claimed in any one of Claims 1 to 4, 

10 characterised in that any alkyl, alkoxy, alkylthio, haloalkyl, 
alkyl sulphonyl or substituted alkyl groups contain from 1 to 6 
carbon atoms and any alkenyl, haloalkenyl, or haloalkynyl groups 
containing from 2 to 6 carbon atoms. 

15 6. A compound as claimed in any one of Claims 1 to 5, 

characterised in that R 1 is hydrogen or an alkali metal cation. 

7. A compound as claimed in any one of Claims 1 to 6, 
characterised in that R 2 is alkyl, alkynyl, alkenyl or haloalkenyl. 

20 

8. A compound as claimed in Claim 7, characterised in that R 2 
is ethyl, propargyl, allyl or 2- or 3-chloroallyl. 

9 . A compound as claimed in any one of Claims 1 to 8, 
25 characterised in that R3 is ethyl, or n-propyl. 
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10. A compound as claimed in any one of Claims 1 to 9, 
characterised in that each of R 8 , R 7 , R 8 , R 9 and the substituents 
of the polyatomic chain XY in formula (5) is individually hydrogen 
or methyl. 

5 

11. A compound as claimed in any one of Claims 1 to 9, 
characterised in that R 8 is methyl or ethyl. 

12. A compound as claimed in Claim 1, selected from the group 
10 consisting of: 

8- [1-ethoxy imino) butyl] -9-hydroxy-10-methyl-6-oxaspiro- 
[4.5]dec-8-en-7-one; 

15 8 - [ 1 - ( ( 2 - chloro - 2 - pr openyl ) oxy imino ) butyl ] - 9 - hydroxy - 10 - 

methyl - 6 - oxasp iro [4.5] dec - 8 - en- 7 - one ; 

8- [l-(ethoxyimino)butyl] - 10 -ethyl -9 -hydroxy- 6- 
oxaspiro [ 4 . 5 ] dec - 8 - en- 7 - one ; 

20 

8- [1- ((2 -chloro- 2 -propenyl) oxy imino )butyl] -10 -ethyl- 9- 
hydroxy- 3 -methyl - 6 - oxaspiro [4.5] dec - 8 - en- 7 - one ; 

3 - [ 1 - (( 2 - chloro - 2 - prop eny 1 ) oxy imino ) butyl ] - 4 - hydroxy - 5 - 
25 methyl-l-oxaspiro[5.5]undec-3-en-2-one; 
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3 - [ - 1 ( ( 3 - chloro - 2 -propenyl) oxyimino ) butyl ] -4 -hydroxy- 5 - 
methyl - 1 - oxas p Iro [5.5] uncle c-3-en-2- one ; 

3- [1- (ethoxyimino) butyl J -5-ethyl-4-hydroxy-9-methyl-l- 
oxasp iro [5,5] undec - 3 - en - 2 - one ; 

3- [1- ((2-propenyl)oxyimino)butyl] - 5 - e thy 1 - 4 - hy dr oxy - 9 - 
methyl - 1 - oxasp iro [5.5] undec -3 - en- 2 - one ; 

8 [ - ( ethoxyimino ) butyl ] - 9 -hydroxy - 10 - me thy 1 - 6 - oxa- 2 - 
thiaspiro [4.5] dec - 8 - en- 7- one ; 

8 [1- ((2-propenyl)oxyimino)butyl] - 9 -hydroxy- 10 -methyl- 6- 
oxa- 2 - thiaspiro [4.5] dec - 8 - en- 7 - one ; 

8 [ 1 - ( ( 2 - chloro - 2 -propenyl ) oxyimino ) butyl ] - 9 -hydroxy- 10 - 
me thyl- 6 -oxa- 2 - thiasp iro [4.5] dec - 8 - en- 7 - one ; 

9 - [ 1- ( ethoxyimino ) butyl ] - 10 -hydroxy- 11 - methyl - 7 - oxa- 2 - 
thiaspiro [5.5] undec - 8 - en- 7 -one ; 

9- [1- ( (2Tchloro-2-propenyl) oxyimino) butyl] -10 -hydroxy -li- 
me thyl - 7 - oxa- 2 - thiaspiro [5,5] undec - 8 - en- 7 - one ; 

9 - [ 1- ( ( 3 - chloro - 2 -propenyl) oxyimino ) butyl ] - 10 -hydroxy - 11 - 
methyl - 7 - oxa- 2 - thiasp iro [ 5 . 5 ] undec - 8 - en - 7 - one ; 
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9 - { 1 - ( ethoxy imino) butyl ] - 10 -hydroxy - 11 - me thyl - 7 - oxa- 3 - 
thiasp iro [5.5] undec - 8 - en- 7 - one ; 

9 - [ 1 - ( ( 3 - chloro - 2 -propenyl ) oxy imino) butyl ] - 10 -hydroxy -11- 
5 me thyl- 7-oxa- 3- thiaspiro [5. 5] undec -8 -en- 7 -one; 

9 - [ 1- ( ( 2 - chloro - 2 -propenyl) oxy imino ) butyl ] - 10 - hydroxy - 11 - 
methyl - 7 -oxa- 3 - thiasp iro (5.5] undec - 8 - en- 7 - one ; 

10 9 - [ 1 - ( ( 2 - propenyl ) oxy imino ) butyl ] - 10 - hydroxy - 11 - me thyl - 7 - 

oxa- 3 - thiaspiro [5.5] undec - 8 - en- 7 - one ; and 

9 - [ 1 - ( ( 2 - pr opynyl ) oxy imino ) butyl ] - 10 - hydroxy - 11 - me thyl - 7 - 
oxa- 3 - thiaspiro [5.5] undec - 8 - en- 7 - one . 

15 

13. A method for preparing a compound of formula (2) as stated 

and defined in Claim 1, characterised in that a hydroxypyranone of 
the formula (8) 



20 




2* 

is reacted with an alkoxyamine of the formula R 2 0NH 2 to give a 
compound of formula (2) wherein R 1 is hydrogen and R 3 , R\ R 5 and R 6 
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axe as defined in Claim 1 and, when required, the hydroxy 1 group 

(R 1 *)-) is converted into the desired ester or salt (wherein R 1 is 
other than hydrogen) „ 

5 14. A method for preparing a compound of formula (8) as stated 

and defined in Claim 13, characterised in that an acetoacetate of 
the formula R B CH 2 C0CH 2 C0 2 R wherein R 5 is as defined in Claim 1 and R 
is; am esterifying group ' is converted into the dianion 
[R 6 cftlC0d%C0 2 R] hy reaction with (a) sodium hydride then (b) 
10 n-butyllithium; the dianion is reacted with a ketone of the 

formula R A C0R 5 , wherein R* and R 5 are as defined in Claim 1, the 
resulting product is hydrolysed and cyclized to give a 
hydroxypyranone which is esterified with an acyl halide and the 
product rearranged in the presence of 4 - dime thy laminopyridine to 

15 give a compound of formula (8) . 

15. A plant growth inhibiting, plant damaging, or plant 
killing composition comprising a compound of formula (2) , as 
defined in any one of Claims 1 to 12, and an inert carrier 

20 therefor . 

16. A herbicidal composition comprising a mixture of at least 
one herbicidal compound of formula (2) as defined in any one of 
Claims 1 to 12, with at least one other herbicide. 

25 

17. A method for regulating the growth of a plant which 
process comprises applying to the plant, to the seed of the plant, 
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or to the growth medium of the plant, an effective amount of a 
compound of formula (2), as defined in any one of Claims 1 to 12. 
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